level falls with advancing pregnancy allowance must be made for the stage of gestation at which the test is carried out, and a bilirubin value Little is known of how bilirubin enters liquor or of its rate of turnover, but the water content changes rapidly, and if this were associated with variation in the total liquor volume, changes in the bilirubin value might be secondary to this.
Bilirubin is insoluble in water, and hence in liquor, as in plasma, it is attached to protein. Protein S ummary: A Ghanaian family is described in which a sickle-cell haemoglobin C man married to a sicklecell thalassaemia woman produced 12 children (eight alive). Four children have sickle-cell anaemia, two sicklecell haemoglobin C disease, one has sickle-cell thalassaemia, and one is asymptomatic haemoglobin C thalassaem a.
It is emphasized that the contribution that adult sicklecell disease patients make, through procreation, to the Introduction Ghana abounds in abnormal haemoglobins. One person in four or five has either the sickle-cell trait (Hb AS) or the haemoglobin C trait (Hb AC). For West Africa as a whole Lehmann (1954) described the incidence of the sickle-cell trait as between 20 and 30%. Edington and Laing (1957) made the incidence of the sickle-cell trait in Southern and Northern Ghana to be 19% and 7% respectively. Edington and Lehmann (1954a, 1954b) first described Hb C outside the U.S.A. The main focus for Hb C is in West Africa (Allison, 1956a (Allison, , 1956b Neel et al., 1956) , with the highest frequency in Northern Ghana of 20-21 % (Edington and Lehmann, 1956; Edington and Laing, 1957; Neel, 1957) .
The most recent surveys in Ghana involved young adults from the north and south of the country. In the south frequency of the sickle-cell trait (AS) is 20% and the Hb C trait (AC) is 9%, while in the north (among 143 persons) Hb AS is 7%, Hb AC is 18%, /-thalassaemia is 4-5%, with one case of a-thalassaemia qualitative or quantitative haemoglobinopathic genes that have been described as being found in Ghana include High F gene (Edington and Lehmann, 1955b) , Hbs D, G, and K (Edington, 1963) , Hb Gcra , thalassaemia (Harris and Lomax, 1954; Boi-Doku and Ofori-Atta, 1967) , and recently a new haemoglobin variant-haemoglobin Korle Bu, a2f2 73Asp->Asn . With at least nine abnormal haemoglobin genes in Accra it is not surprising that various genotype combinations have been seen and described-namely, SS, SC, S-thalassaemia, -S + F (in children), SFhighgene (in adults), CC, CFhighgene, and, recently, thalassaemia major (Boi-Doku and Ofori-Atta, 1967), GG1wra , SDpunjab (Ringelhann et al., 1967) 
Investigations and Results
The haematological profiles are given in Table III . All 10 peripheral blood films showed target cells (between 1 and 20 % ); the least number was found in sickle-cell anaemia and sicklecell thalassaemia, and the largest number where haemoglobin C occurs-namely, SC disease and C-thalassaemia (compare red cell fragility results below). Anisocytosis, poikilocytosis, and (481) 56J1 (251)i 72j (33) 501 (23) 51 (23) 31 (14) 21 ( to haemolysis than normal-but there seemed to be a definite pattern in the degree of resistance, thus S-thal<SS<SC<C-thal (see Fig. 3 ). Haemoglobin electrophoresis was carried out on filter paper on a vertical Durrum type cell, with tris-barbiturate buffer at pH (Fig. 4) , and tris-borate buffer at pH [8] [9] (Fig. 5) . Where necessary starch-gel electrophoresis was carried out (Fig. 6 ) by the method of Poulik (1957), Hb A2 determination by the method of Marengo-Rowe (1965) , and quantitative determination of Hb A was made according to Ringelhann and Makunga (1965) . The results show that not one member of the entire family of 10 has the normal genotype AA. The father (I 1) is SC and the mother (I 2) S-thalassaemia. The children come out SS (II 2, 3, 6, and 12), SC (II 8 and 11), S-thalassaemia (II 9), and C-thalassaemia (II 7) (Fig. 4) .
Discussion
When an adult with sickle-cell haemoglobin C disease marries another with sickle-cell thalassaemia four different haemoglobinopathies may be, theoretically, expected in the offspring: SS, S-thalassaemia, SC, and C-thalassaemia. Provided the law of averages was obeyed and enough children resulted from the marriage one might expect these haemoglobinopathies to occur in roughly equal numbers. It is impossible to tell the genotypes of the four children who died out of 12 in this family, but it is not unexpected that of the eight alive all the four haemoglobinopathies are represented (Fig. 7) and the latter from sickle-cell thalassaemia and SFhighgolic (Table V) . The almost complete absence of joint pain history in the oldest girl (II 2), who otherwise has all the features of sickle-cell anaemia, can be explained by the high percentage (10 2) of foetal haemoglobin. The course of sickle-cell anaemia is milder when the proportion of Hb F is high. We thought at first from the history that the mother was Hb SC, because of the sheer numbers of her children, but as it turned out she is the first sickle-cell thalassaemia patient on record with 11 pregnancies and 12 children (eight alive), none of the deliveries taking place in hospital. The combination of sickle-cell disease and thalassaemia has not only " seldom been reported in pregnancy but the condition of women with this combined haemoglobinopathy is believed to deteriorate during gestation " (Dunn and Haynes, 1967) . However, Hendrickse and Watson-Williams (1966) state that " increasing anaemia near term, preventable by folic acid administration, is the only hazard."
We have often seen Hb SC patients fare worse than Hb SS patients of the same age and sex. This is because of the varying standards of living in different families. An SC patient from a background with a bad social history (broken homes, poverty, unintelligent parents, etc.) has a poor medical history, while an SS patient from a good home may go from year to year without a single crisis. This family provides a remarkable built-in control: the children live under the same roof, are bitten by the same mosquitoes, and are given the same tender care by the same diligent, intelligent, Methodist parents. Given the same circumstances it can be seen from the clinical features and blood profiles that sickle-cell anaemia is the most severe disease, followed by SC and S-thalassaemia diseases, and the. least severe is C-thalassaemia. Our particular C-thalassaemia girl is completely asymptomatic and would pass for a normal healthy Ghanaian schoolgirl; so is the SC father, whose Hb of 151 g./100 ml. is not unusual of Ghanaian SC haemoglobinopathy in the steady state.
Haemoglobin C thalassaemia is very rare; only 31 cases were recorded in the world press by 1965. In their detailed review of 24 cases from the literature Russo and Mollica (1965) observed that 17 were of the black race and seven were white, with the age range from 8 months to 68 years. Most of them were clinically anaemic, but at least three had haemoglobin values above 12 g./100 ml. In half of them the spleen was palpable. Red cell osmotic resistance was invariably increased, and target cells plus anisopoikilocytosis were constant features. The type of thalassaemia present in almost all cases was /3-thalassaemia. This is the case in the present family where A, has been shown to be raised in the S-thalassaemia mother.
The comparatively excellent health of our C-thalassaemia patient and her S-thalassaemia mother, who was capable of passing through 11 pregnancies unscathed, may be due to the remarkable variability of the clinical results of the simultaneous inheritance of the traits of thalassaemia and a f&-chain variant.
Humble et al. (1954) found that, within the same family, S-thalassaemia could either produce an anaemia or be entirely symptomless. Almost asymptomatic adult sickle-cell disease patients are not uncommonly found in Ghana. Even with sickle-cell anaemia, which is reputed to kill patients before they are of childbearing age, our experience is similar to that of Serjeant et al. (1968) , who reported "relatively benign sicklecell anaemia in 60 patients aged over 30 in the West Indies." We think this is because of the rising standard of living as emphasized by the Ghana Medical 7ournal (1964).
Frequency and severity of crises get less as sickle-cell anaemia (SS) patients get older, and this may cause confusion with other haemoglobinopathies that may also be returned " SS" on paper electrophoresis. Notable among these is the SFhjil,(IIe which was first described, also from Accra, by Edington and Lehmann (1955a, 1955b) . This is a benign condition in which haemoglobin S together with a high level of foetal haemoglobin persists into adult life. Other reports from Africa were by Jacob and Raper (1958) Sickle-cell Dises-Knty-hl and R~~in5gelhanIn
MEDICAL JOURNAL Lehmann (1962) from Accra, while Went and MacIver (1958) described it from the West Indies. The differential diagnosis of adult sickle-cell disease reported " SS " is given in Table V . Clinically some cases of sickle-cell F-thalassaemia may be difficult to differentiate from SFhighgene cases, but the simple Kleihauer and Betke staining technique (Lehmann and Huntsman, 1966) will distinguish between the two by their foetal haemoglobin distribution in the red cells. In F-thalassaemia the distribution of Hb F in the individual red cells is quite heterogeneous, while in Fhighgeue it is relatively uniform. We have found this test useful in Accra, where the level of Hb F may be more than 10% in sickle-cell anaemia or sickle-cell .thalassaemia. The contribution that adult sickle-cell disease patients make towards the persistence of the S gene in the population is greater than is usually realized. It is no mere conjecture when we state that here in Ghana this contribution will soon outstrip that supposed to be made by balanced polymorphism through falciparum malaria. Widespread haemoglobin genotyping starting from schools and subsequent genetic counselling of young adults ought to be pursued relentlessly if the morbidity and mortality caused by sickle-cell disease are to be appreciably reduced on the African Continent.
